Objective: To explore the prognostic significance of nicotinamide adenine dinucleotide (NAD)-dependent protein deacetylase sirtuin-6 (SIRT6), encoded by the sirtuin 6 (SIRT6) gene, in a population of Chinese Han patients with non-small cell lung cancer (NSCLC). Methods: Cancer tissues and normal lung tissues (>5 cm adjacent to cancer tissue) were collected from Chinese Han patients with NSCLC. Expression levels of SIRT6 and histone H3-acetyl K56 (H3K56), in cancer and normal lung tissues from patients with NSCLC, were detected by reverse-transcription polymerase chain reaction, Western blot and immunohistochemistry. Correlations between SIRT6 expression and various clinicopathologic features were investigated. Results: Out of 86 patients included in the study, mRNA and protein SIRT6 levels were downregulated in NSCLC tissue versus normal lung tissue, and SIRT6 levels were inversely correlated with H3K56 levels. Positive rates of SIRT6 were significantly correlated with degree of cell differentiation, TNM stage, lymph node metastasis, overall survival and metastasis-free survival. Conclusion: Downregulation of SIRT6 expression may promote NSCLC malignancy in the Chinese Han population. SIRT6 may be a potential therapeutic target in Chinese Han patients with NSCLC.
Introduction
Globally, lung cancer is one of the most common causes of cancer-related death, with non-small cell lung cancer (NSCLC) accounting for about 80% of all lung cancer cases. 1, 2 Despite recent therapeutic advances in NSCLC, survival rates remain very low, with a 5-year overall survival in all stages of approximately 15%. 3 An understanding of genetic alterations and molecular mechanisms in the development of tumours is urgently required, with an aim to improving targeted therapy and prognosis in patients with NSCLC. Changes in glucose metabolic pathways are the common behaviours of tumour cells, laying the foundation for macromolecular synthesis in their growth and proliferation. 4 Multiple studies have shown that down-regulated expression of pyruvate dehydrogenase kinase-1 and lactate dehydrogenase can inhibit tumour growth and proliferation, [5] [6] [7] suggesting that changes of metabolism are important to the growth and proliferation of tumour cells.
Among the sirtuin (SIRT) family, the sirtuin 6 gene (SIRT6), encodes nicotinamide adenine dinucleotide (NAD)-dependent protein deacetylase sirtuin-6 (SIRT6), an NAD þ -dependent histone acetylation enzyme that regulates multiple physiological processes, such as telomere maintenance, DNA repair, gene expression, aging and metabolism. 8 Down regulation of SIRT6 has been shown in hepatocellular carcinoma, head and neck squamous cell carcinoma, pancreatic cancer and colorectal cancer, and SIRT6 has been demonstrated to regulate tumour metabolism, thus, SIRT6 is believed to be a tumour suppressor gene. [9] [10] [11] The relationship between SIRT6 expression levels and clinical features in Chinese Han patients with NSCLC remains unclear. Accordingly, the aim of the present study was to determine the lung tissue expression pattern of SIRT6 in Chinese Han patients with NSCLC, and to evaluate the relationships between SIRT6 expression and histone H3-acetyl K56 (H3K56), clinicopathologic features, prognosis, and survival times following surgery and anticancer treatment.
Patients and methods

Study population and tissue samples
In this observational cohort study, Chinese Han patients with NSCLC who were admitted to the People's Hospital of Hai'an, Jiangsu, China, for surgical resection of lung cancer tissue, between January 2011 and December 2012, were sequentially enrolled into the study. Patients who had received any cancer treatment prior to surgery were excluded from the study.
Cancer tissue and normal lung tissue (>5 cm away from the primary cancers) were collected from every patient during the surgical resection procedure. A proportion of paired (cancerous and noncancerous) fresh surgical specimens were randomly selected and immediately cooled and stored at -80 C for subsequent real-time reversetranscription (RT)-polymerase chain reaction (PCR) and Western blot analyses. In addition, paired tissue specimens from all patients were soaked in 4% formalin solution for immunohistochemistry. Histological diagnosis and grade of differentiation were classified according to World Health Organization (WHO) classification guidelines, 12 and cancer stage was defined as I, II, III or IV according to the pTNM staging system of the Union for International Cancer Control. 13 Patient's clinical and demographic details were obtained by reviewing patient medical records. All patients received standard chemotherapy following surgery, according to the policies and procedures of the People's Hospital of Hai'an, China.
The study was approved by the Institutional Review Board of the People's Hospital of Hai'an (IRB20110075), and all patients provided written informed consent.
Real-time RT-PCR
Total RNA was isolated from 100 mg of previously frozen cancerous and normal lung tissue specimens using 1 ml of Trizol reagent (Invitrogen, Carlsbad, CA, USA) following the manufacturer's instructions. Prior to reverse transcription, the total RNA was quantified by spectrophotometric analysis at 260 nm and analysed as described in detail elsewhere. 
Western blot analysis
Proteins were extracted from previously frozen cancerous and normal lung tissue from patients with NSCLC TNM stage I-II and patients with TNM stage III-IV. Protein was extracted using radioimmunoprecipitation assay (RIPA) buffer with 100 mM of phenylmethylsulphonyl fluoride as a protease inhibitor (Solarbio, Beijing, China) and analysed using protocols that have been published elsewhere. 15, 16 Briefly, equal amounts of protein were electrophoresed on a 12% sodium dodecyl sulphate (SDS)-polyacrylamide gradient gel and transferred onto nitrocellulose membranes (Millipore, Billerica, MA, USA). After blocking nonspecific binding with 5% fatfree milk for 30 min at room temperature, the membranes were incubated with rabbit anti-SIRT6 ( 
Immunohistochemistry
Immunohistochemistry was performed with paired tissue specimens from all patients using a protocol described previously. 17 Formalin-fixed tissue specimens were washed three times in PBS (pH 7.4), then successively soaked in 20% and 30% sucrose solution for dehydration, and frozen in optimal cutting temperature compound. Tissue sections (30 mm thick) were then prepared using a cryostat (Leica CM1900). Sections were incubated with 10% goat serum in phosphate buffered saline-Tween (PBST; 0.01 M sodium phosphate buffer, pH 7. Results from the immunostaining were interpreted independently by two expert pathologists who were blind to the clinical data. The comparative intensity of SIRT6 immunostaining was scored as follows: 0 (no signal), 1 (weak), 2 (moderate) and 3 (strong). At least five fields of view for each section were observed, and the percentage of positive cells (weak, moderate or strong signal) was calculated (0-100%). A semi-quantitative histopathology (H) score was obtained by multiplying the staining intensity score with the percentage score (0-300). An H-score higher than the median was considered as having positive expression. 18 
Statistical analyses
Data are presented as n and % prevalence, or as mean AE SD, and were analysed using SPSS software, version 21.0 (SPSS Inc., Chicago, IL, USA). One-way analysis of variance was used to assess SIRT6 mRNA and protein levels and H3K56 protein levels in cancerous versus normal lung tissue specimens. Associations between SIRT6 expression and clinicopathologic features were analysed using Pearson's v 2 -test. Five-year overall survival and metastasis-free survival were the primary outcome measures, estimated using Kaplan-Meier survival curves, and differences in survival between SIRT6 positive and SIRT6 negative cases were compared using log-rank test. Statistical significance was set at P < 0.05.
Results
A total of 86 Chinese Han patients with NSCLC were included in the study: 58% male (50/86)/42% female (36/86), with an overall mean age of 57.1 years, range, 45-77 years (Table 1) .
SIRT6 mRNA in lung tissue of Chinese Han patients with NSCLC
Real-time RT-PCR revealed that SIRT6 was expressed as mRNA in cancerous and normal lung tissue specimens from 20 Chinese Han patients with NSCLC. SIRT6 mRNA levels were found to be significantly lower in cancer tissue than in normal lung tissue, and significantly lower in cancerous tissue classified as TNM III-IV versus TNM I-II (both P < 0.05; Figure 1 ).
SIRT6 and H3K56 protein in lung tissue of Chinese Han patients with NSCLC
Western blot analyses showed that SIRT6 and H3K56 proteins were present in cancerous and normal lung tissue specimens from 10 patients with NSCLC TNM stage I-II and 10 patients with TNM stage III-IV. SIRT6 protein levels were found to be significantly lower in cancer tissue versus normal lung tissue, and significantly lower in cancer tissue classified as TNM III-IV versus TNM I-II (both P < 0.05; Figure 2 ). Conversely, H3K56 protein levels were significantly higher in cancer tissue than in normal lung tissue, and significantly higher in TNM III-IV cancer tissues than in TNM I-II cancer tissues (both P < 0.05; Figure 2 ).
Rate of SIRT6 positive samples in Chinese Han patients with NSCLC
The SIRT6 protein was mainly found in the nucleus of alveolar epithelial cells, and SIRT6 immunoreactive signal intensity was graded as zero, weak, moderate and strong. Strong staining was observed in normal lung tissue specimens, moderate staining was found in TNM I-II tissue specimens and weak or zero staining was found in TNM III-IV tissue specimens (Figure 3a) . The rate of SIRT6 positive tissue samples in cancer specimens was lower than in normal lung specimens and the rate of SIRT6 positive tissue samples in TNM III-IV cancer tissues was lower than in TNM I-II cancer tissues. (P < 0.05; Figure 3b ).
Correlation between SIRT6 expression and clinicopathologic factors
To determine whether SIRT6 expression levels were associated with clinicopathologic factors in Chinese Han patients with NSCLC, the rates of SIRT6 positive cases were assessed in relation to clinicopathologic data ( Table 1 ). The rate of positive SIRT6 expression was found to be associated with degree of differentiation, TNM stage and lymph node metastasis (P < 0.05; Figure 2 Representative Western blots of sirtuin-6 (SIRT6) and histone H3-acetyl K56 (H3K56) proteins detected in cancerous and normal lung tissue samples from 20 Chinese Han patients with non-small cell lung cancer (NSCLC). SIRT6 protein levels were significantly lower in cancer tissue versus normal lung tissue, and SIRT6 protein levels decreased with tumour stage. H3K56 protein levels were significantly higher in cancer tissue versus normal lung tissue, and H3K56 protein levels were significantly higher in TNM III-IV cancer tissues than TNM I-II cancer tissues. Data presented as mean AE SD (*P < 0.05 versus normal lung specimens; # P < 0.05 versus TNM I-II specimens; One-way analysis of variance) Figure 3 Rate of positive nicotinamide adenine dinucleotide (NAD)-dependent protein deacetylase sirtuin-6 (SIRT6) expression, detected by immunohistochemistry, in lung tissue from 86 Chinese Han patients with non-small cell lung cancer (NSCLC): (a) Representative photomicrographs showing sirtuin 6 (SIRT6) protein signal intensity (graded as zero, weak, moderate and strong). Strong staining was found in normal lung specimens, moderate staining was found in TNM I-II specimens and weak or zero staining was found in TNM III-IV specimens. Magnification Â 200; (b) Rate of positive SIRT6 expression was significantly lower in cancer specimens versus normal lung specimens, and the rate of positive SIRT6 expression decreased with tumour stage. Data presented as mean AE SD (*P < 0.05 versus normal lung specimens; # P < 0.05 versus TNM I-II specimens; One-way analysis of variance) positive patients than in SIRT6 negative patients (27.27% versus 9.38%, respectively; P < 0.05; Figure 4 ).
Relationship between SIRT6 expression and metastasis-free survival
Median metastasis-free survival was significantly higher in SIRT6 positive patients versus SIRT6 negative patients (45 months [95% CI 38.90, 51.10] versus 36 months [95% CI 33.90, 38.10], respectively; P < 0.05; Figure 5 ).
Discussion
Despite improvements in surgery, external radiotherapy, chemotherapy and other treatment strategies, NSCLC remains one of the main causes of global cancer-related deaths.
1,2 Thus, it is important to identify specific biomarkers associated with NSCLC, and develop novel anti-tumour therapies (such as molecular targeted therapy, immunotherapy and gene therapy). With the development of genetic technology, activation of oncogenes and inactivation of tumour suppressor genes have been reported to regulate the occurrence and development of lung cancer. 19 Sirtuin family members are thought to play key roles in carcinogenesis, 20, 21 and mutation of the SIRT6 chromosomal locus has been reported in a large number of acute myeloid leukemias, 22 and liver, lung and breast cancers. 10 Several preliminary studies have provided evidence to support the hypothesis that SIRT6 functions as a tumour suppressor gene.
9-11 SIRT6 has been found to be down-regulated in various clinical specimens such as head and neck squamous cell carcinoma, pancreatic cancer, colorectal cancer, and hepatocellular carcinoma. [9] [10] [11] 23 In the current study, the 24 In the present study, H3K56 expression in cancerous and normal lung tissue specimens from Chinese Han patients with NSCLC were detected by Western blot. H3K56 levels in cancerous tissue specimens was higher than in normal lung tissue specimens and the H3K56 level in TNM III-IV cancer tissues was higher than in TNM I-II cancer tissues. SIRT6 protein levels appeared to be inversely associated with H3K56 levels.
Survivin expression is reported to re-activate in most cancers 25 and to be associated with poor prognosis. 26 Survivin has been shown to block cancer cell apoptosis by inhibiting caspase3\7\9 [27] [28] [29] and apoptosis inducing factor pathways. 30 SIRT6 can repress survivin expression by modulating histone deacetylation or binding at the surviving promoter. Cytoplasmic SIRT6 expression is reported to be higher than nuclear SIRT6 expression in NSCLC primary cancer tissues, 31 which has been associated with poor prognosis. In the present study, SIRT6 expression was mainly found in the nucleus. The survival time of SIRT6 positive patients with NSCLC was significantly longer than that of SIRT6 negative patients. At the same time, a low level of SIRT6 expression was associated with decreased metastasis-free survival time. Taken together, SIRT6 appears to play an anticancer role, possibly by promoting cancer cell apoptosis.
The results of the present study may be limited by several factors. First, the study included a relatively small cohort of patients with NSCLC and secondly, independent associations between SIRT6 and survival were not analysed. Further studies with a large number of patients are warranted to confirm the present results, and the mechanisms related to SIRT6 and cancer progression should be further studied.
In conclusion, the present findings demonstrate that SIRT6 is down-regulated in NSCLC and may be associated with malignant progression of NSCLC. These results suggest that SIRT6 should be further investigated as a potential therapeutic target for NSCLC.
